Abstract
Introduction
Ischemia-reperfusion (I/R) inflammatory injury, which is characterized by free 48 radical reaction, intracellular calcium overload and leukocyte activation, is a major 49 predisposing factor for lung failure and sudden death in lung transplant operations. factor α (TNF-α), interleukin-1β (IL-1β) and interleukin-10 (IL-10)(4-9). Nuclear 61 factor kappa B (NF-κB) is a transcription factor that is widely known to be associated 62 with inflammatory responses following ischemia(10, 11). In the early stage of I/R, the 63 activation of IκB kinase beta (IKKβ), the most important kinase upstream of NF-κB, 64 results in the phosphorylation and proteolysis of IκBα, which promote the expression blocking the NF-κB signaling pathway is an effective strategy for reducing 69 inflammatory injury during lung I/R(13, 14).
70
TNF-α, IL-1β, ICAM-1 and MCP-1 are downstream effects of the NF-κB 71 signaling pathway, which are pro-inflammatory cytokines and can be measured to 72 assess NF-κB activity(14-16). IL-10 is an anti-inflammatory cytokine that has a 73 crucial role in preventing inflammatory and immune response (17, 18) . In the present 74 study, these inflammatory mediums were detected to verify inflammation activity.
75
Autophagy is an intracellular self-digesting pathway that delivers cytoplasmic 
94

Results
95
Effect of 3-MA and rapamycin on GFP-LC3/CCL149 cell viability 96 The effect of different concentrations of autophagy inhibitor 3-MA and 97 autophagy promoter rapamycin on GFP-LC3/CCL149 cell viability was detected by
98
MTT assay. As shown in Fig. 1C , the cell inhibition rates were 14.3, 18.2 and 48.7% 
Fluorescence microscopy observation
103
The effect of 3-MA and rapamycin on autophagy formation in 104 GFP-LC3/CCL149 cells was evaluated by observing autophagosomes under 105 fluorescence microscopy following H/R treatment for 2, 4 and 6h (Fig. 1A) . Green 106 fluorescence indicated that GFP-LC3/CCL149 cells were successfully constructed.
107
The cellular surface areas of GFP(+) cells were measured by immune staining after 108 pretreating with DMSO, 3-MA (5μmol/L) and rapamycin (250nmol/L) followed by 109 H/R treatment for 0, 2, 4 and 6h (Fig. 1B) . Quantitative results of the green cell (Fig. 3A) . The protein levels of LC3-II/I and Beclin1 were quantified and analyzed in 123 the indicated groups (Fig. 3B, C) .The protein levels of GFP-LC3 and Beclin1in the 124 3-MA group were significantly lower than in the control group, and those in the 125 rapamycin group were significantly higher than in the control group.
126
To further verified the effect of 3-MA and rapamycin on autophagy, we used 127 flow cytometry assay to assess LC3-II in GFP-LC3/CCL149 cells after pretreatment 128 with DMSO, 3-MA (5μmol/L) and rapamycin (250nmol/L) followed by H/R 129 treatment for 0, 2, 4 and 6h. As shown in Fig. 3D , the trend of the results was 130 consistent with that of western blot assay and transmission electron microscope assay.
131
The percentage of cells with endogenous LC3 in the rapamycin pretreated group was 132 significantly increased compared to that of the DMSO group and 3-MA group. rapamycin (250nmol/L) followed by H/R treatment for 0, 2, 4 and 6h (Fig. 4A) . 139 Immunohistochemical analysis revealed that NF-κB integrated optical density in 140 3-MA group was significantly higher than in the control group and in the rapamycin 141 group was significantly lower than in the control group (Fig. 4C) .We further 142 measured the protein expression of NF-κB in the indicated groups (Fig. 4B) . The 143 protein levels of NF-κB were quantified and analyzed (Fig. 4D) . The results
144
suggested that strengthening autophagy suppressed NF-κB protein expression, which 3-MA (5μmol/L) and rapamycin (250nmol/L) followed by H/R treatment for 0, 2, 4 154 and 6h (Fig. 5A) . IκB integrated optical density in the 3-MA group was significantly 155 lower than in the control group and that in the rapamycin group was significantly higher than in the control group (Fig. 5C ). We further measured the protein 157 expression of IκB in the indicated groups (Fig. 5B) . The protein levels of IκB were 158 quantified and analyzed (Fig. 5D) . The results suggested that strengthening autophagy 
171
The result indicated that enhancing autophagy restrained pro-inflammatory factor 172 expression and increased anti-inflammatory cytokine expression. Fig. 7B) . The protein levels of GFP-LC3 and Beclin1 were quantified and analyzed 182 in the indicated groups (Fig. 7C, D) .The protein levels of GFP-LC3 and Beclin1in the 183 3-MA group were significantly lower than in the control group, and those in the 184 rapamycin group were significantly higher than in the control group.
185
The NF-κB signaling pathway was restrained by autophagy in alveolar epithelial Fig. 8B) . 193 Western blotting results showed the protein levels of NF-κB and IκB in lung tissues 194 from Lewis rats after pretreatment with I/R (Fig. 8C) . The protein levels of NF-κB 195 and IκB were quantified and analyzed in the indicated groups (Fig. 8D, E) . These were significantly higher than in the control group, and those in the rapamycin group 207 were significantly lower than in the control group (Fig. 9A, C, D) . In contrast, To the best of our knowledge, the present study is the first to show that 
Materials and Methods
251
Cell culture 252 For the in vitro studies, the alveolar epithelial cell line CCL149 (ATCC, Ultra-thin sections were generated using an ultra-microtome (LKB-V, Bromma, Hitachi, Tokyo, Japan).
314
In vivo, paraffin-embedded lungs were cut transversely into 0.1μm sections.
315
Then, the sections were observed and photographed under a transmission electron 316 microscope (H-600, Hitachi, Tokyo, Japan). Rat lung tissues were washed and then homogenized on ice with normal saline.
361
Homogenates from rat lung tissues or GFP-LC3/CCL149 cell culture supernatants 
378
Randomization and a blinding strategy were used whenever possible.
379
Figure legends 
